Avian influenza A(H7N9) virus re-emerged in China in December 2013 , after a decrease in the number of new cases during the preceding six months. Reassortment between influenza A(H7N9) and local H9N2 strains has spread from China's south-east coast to other regions. Three new reassortments of A(H7N9) virus were identified by phylogenetic analysis: between A(H7N9) and Zhejiang-derived strains, Guangdong/Hong Kongderived strains or Hunan-derived A(H9N2) strains. Our findings suggest there is a possible risk that a pandemic could develop.
Recent re-emerged influenza A(H7N9) virus infections in
China -especially the rapid outbreak in Zhejiang province in December 2013, involving 60 cases [1] -have raised concerns. Although several reports described the genetic characteristics of the virus [2] [3] [4] , little is known about its further evolution after the initial outbreak in March 2013 [2] and the current re-emergence. As of 31 January 2014, there were a total of 260 cases: 127 of these have occurred in 2014 [5, 6] . Cases have been reported from Zhejiang, Guangdong and Jiangsu provinces, Shanghai metropolitan area and Hong Kong in 2014 [6] .
It is important to know whether new variants or lineages of influenza A(H7N9) virus are responsible for this re-emergence of the virus. In this study, four lineages and three new reassortments of A(H7N9) virus were identified by phylogenetic analysis and DNA mutation analysis of the PB1 gene.
Sequences analysis of PB1 genes from influenza A(H7N9) virus isolates
We retrieved 72 PB1 gene sequences of influenza A(H7N9) viruses, isolated from 11 Chinese provinces and cities, from the EpiFlu database of the Global Initiative on Sharing Avian Influenza Data (GISAID) deposited from March 2013 to January 2014 (Tables  1 and 2 ). In particular, the most recent A(H7N9) virus isolates from Hong Kong were also retrieved, through GISAID (A/Hong Kong/5942/2013 in November 2013 and A/Hong Kong/734/2014 in January 2014). We carried out a Basic Local Alignment Search Tool (BLAST) search to acquire related reference sequences in the National Center for Biotechnology Information (NCBI) Influenza Virus Resource [7] . Multiple alignments of sequences of eight genes of A(H7N9) virus isolates (PB2, PB1, PA, HA, NP, NA, MP, NS) were made using Bio-Edit7.0 software. We then carried out a phylogenetic analysis using MEGA6.1, as previously described [8, 9] .
In order to generate a neighbor-joining tree, the statistical robustness of the tree and the reliability of the branching patterns were confirmed by bootstrapping (1,000 replicates) and the effective transmission linkage was supported by a bootstrap value over 80% at the tree node. In accordance with previous studies reporting the virus as a triple reassortant A(H7N9) [2] [3] [4] , we also observed that all A(H7N9) virus strains analysed, including the latest strains from Hong Kong (Hong Kong strains 5942 and 734), were part of one large cluster in an HA and NA gene-derived neighborjoining tree (data not shown). However, analysis of six internal genes originating from influenza A(H9N2) virus identified multiple effective A(H7N9) clusters in PB2, PB1, NP, MP gene-derived neighbor-joining trees. As previously described, there is frequent PB2-PB1-PA-NP co-segregation during avian influenza virus reassortment [10] . Clusters of A(H7N9) consistent with this were observed in PB2, PB1 and NP gene-derived neighborjoining trees (data not shown). Therefore, we then performed further phylogenetic analysis of A(H7N9) and A(H9N2) PB1 gene sequences.
At least four distinct clusters of A(H7N9) virus isolates were identified in a PB1 gene-derived neighbor-joining tree by high bootstrap value (>80%) (Figure 1 ). Cluster 1 containing poultry-or human-derived A(H7N9) virus isolates represents the earliest infections (shown by the collection date in Tables 1 and 2 ) and covers the majority of A(H7N9) virus infections in 2013, while the Generally, identification of distinct transmission clusters should meet the following criteria: a phylogenetic clade supported by both high bootstrap values (>80%) in a neighbor-joining tree and a posterior probability value of 1 at the Bayesian tree node [11, 12] . For this purpose, a Bayesian phylogenetic inference was subsequently performed to confirm the distinct clusters of A(H7N9) isolates using MrBayes 3.1 as previously described [8, 9] . As expected, the same four clusters (100% probability; posterior probability=1) were also seen in the Bayesian tree ( Figure 2 ), as well as in the neighbor-joining tree ( Figure 1 ), which further identified the effective transmission linkages inside these clusters ( Figure 2 ).
Characterisation of transmission clusters
To further characterise the four transmission clusters of influenza A(H7N9) virus isolates, the mutation sites of the viral PB1 gene sequences were highlighted using Nucleotide Sequences v2.2.3 (Figure3), revealing a distinct DNA mutation pattern of the four transmission clusters. Cluster1 shared the most common mutation sites with Shanghai-derived A(H7N9) strains, while all A(H7N9) strains from the other three clusters carried the most common mutation sites of their local A(H9N2) strains. The A(H7N9) strains of Cluster 2 carried the most common mutation sites of a Zhejiangderived A(H9N2) strain, whereas the A(H7N9) strains in Clusters 3 and 4 had the most common mutation sites of Guangdong/Hong Kong-derived A(H9N2) and Hunanderived A(H9N2) strains, respectively. These distinct DNA mutation patterns further identified new reassortments between A(H7N9) isolates and local A(H9N2) strains.
Phylogeographical trees of the influenza A virus PB1 gene sequences were constructed to further confirm the phylogenetic linkage of A(H7N9)and A(H9N2) virus strains using the BEAST V1.6.2 package as described previously [13, 14] . The most recent common ancestor of the four clusters was estimated to be from 
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Figure 1
Neighbor-joining tree of PB1 gene sequences of influenza A(H7N9) and A(H9N2) viruses, China, March 2013-January 2014
The tree was constructed using MEGA6.1. Four distinct clusters supported by over 80% bootstrap probability were identified (subtrees with a thick black line). The A(H7N9) virus sequences of 2013 clustered with those of A(H9N2) strains with 100% bootstrap probability in three subtrees shown as Clusters 2-4. Notably, Guangdong-and Hong Kong-derived A(H7N9) sequences (empty triangles) showed a close transmission linkage with local A(H9N2) strains. 
Figure 3
Highlighter analysis of mutation sites of influenzaA(H7N9) virus PB1 gene sequences, China, March 2013-January 2014
The analysis was carried out using Nucleotide Sequences v2.2.3. Four isolates (one from each cluster) were considered as master sequences based on the phylogenetic analysis: 2013_Shanghai_05 (cyan), 2011_Hunan_Chicken_12_H9N2 (green), 2011_ Guangdong_Chicken_ZHJ_ H9N2 (blue), 2013_Zhejiang_Environment_13H9N2 (red). Figure 6 ), which may represent the latest reassortment of A(H7N9) and A(H9N2) strains. The association between the expanding transmission and appearance of reassortments suggests a tendency for A(H7N9) evolution towards more and more geographical localisation. In addition, Shanghai or Zhejiang poultry-derived A(H7N9) strains may also play active roles in the process of reassortment and localisation (Tables  1 and 2 ).
Discussion
Our analysis revealed dynamic reassortments between influenza A(H7N9) and A(H9N2) viruses since the outbreak of A(H7N9) virus infection in March 2013.To some extent, the continuous transmission of H7N9 in Chinese poultry has led to increasing diversity and new reassortment of A(H7N9) with local A(H9N2) strains. Our findings suggest that the re-emerged H7N9 infections may be triggered by new reassortment strains, such as those in the Guangdong/Hong Kong transmission of Cluster 3. In this regard, these infections may have implications for the traditional strategies of drug and vaccine development targeted against HA and NA genes [15] .In particular, the new reassortments generated by A(H7N9) and local A(H9N2) strains may produce avian influenza virus strains that are more adaptive and have a higher pathogenicity in humans [16] , emphasising the importance of continuously monitoring the A(H7N9) epidemic.
To date, 127 cases of A(H7N9) virus infections have been reported in January 2014, almost the same number as reported in the spring of 2013 (n=133) [5, 6] . Notably, Zhejiang and Guangdong provinces and the Shanghai metropolitan area, where new reassortment of A(H7N9) strains is being identified, have been the worst affected regions in China in 2014 [1, 17, 18] . Although the case-fatality rate in January 2014 (24%, 31/127) is not higher than that seen in the spring of 2013 (29%, 39/133) [5, 6] , the rapidly increasing number of cases of A(H7N9) virus infection in these three regions may raise concerns as to whether there is an association between circulation of the new A(H7N9) reassortment strains identified and accelerated transmission of A(H7N9) virus in humans. Therefore, it is of the utmost importance to monitor the risk of a potential pandemic initiated by various influenza virus strains.
